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(54) X-RAY A 

(71) We, SIEMENS AKTIEN- 
GESELLSCHAFT, a Geiman company, of 
Berlin and Munich, Germany, <lo hereby 
declare the invention, for which we pray that 
5 a patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly desciibed In and by die folibwing 
statement;— 
This invention relates to x-ray apparatus 

10 operable to provide measures of the values 
thaiC a radiadon-influencing parameter of an 
irradJated body respectively bas at different 
regions in a given body plane. The invention 
is, for example, applicable to x-ray apparatus 

15 with which the density distribution in a given 
body plane can be obtained and visually 
represented in nmnerical or analogue form so 
as to provide an image of the body plane. 
An x-ray apparatus for providiiig an image 

20vof a plai^ layer of a >body may comprise 
an x-ray measuring arrangement with an x- 
ray source that produces an xnray beam, pene- 
trating the body, whose ctoss-sectional extent 
perpendicular to the layer plane defines the 

25 'layer thickness, and with a radiation receiver 
which determines the beam intensity down- 
stream of the body, the apparatus also com- 
prising drive means for producing rotary 
movement of the x-ray measuring arrange- 

30 ment relative to the body, as well as s^nal 
processing means for usi^g the output signals 
of the radiation receiver to provide the ic^ 
quired anage. 
To obtain the image, the rotary movement 

35 of the measuring arraiigement can be a suc- 
cession of small equidistant angular siteps 
alternacely performed with displacement of 
the measuring arrangement along a straight 
Kne perpendicular to the central ray of the 

40 x-ray beam. In this case, a single radiation 
detector is sufficient as radiation receiver. 
However, it is ipossibk to dispense with linear 
displacement of the* measurii^ anangement 
if the radiation receiver is composed of a 

45 phuality of radiation detedors and if the x- 
ray beam ds fan-shaped and strSces all the 
detectors simultaneously. In thirs cas^ the 
deteaors simultaneously provide respective 



output signals which can be simultaneously 
processed. 50 

An x-ray apparatus of this type for pro- 
ducing an image of a planar body-layer is 
described in German Offenlegungsschrift . 
1,941,433. The path which the x-ray beam 
covers through the body being examined is 55 
in this case, on account of the shape of most 
bodies of interest, longer in the middle of 
the body than in die peripheral regions. 
Assuming constant body density, then output 
signab of different magnitudes are provided 60 
by die radiadon receiver for different ray 
•paths, whidi makes signal processing difficult. 
Further, when using a polychromatic x-ray 
spectrum, as is generally the Case in medical 
x-ray diagnostic apparatus, the varying attenu- 65 
ation of the x-ray beam due to differences of 
density within the interior of the body leads 
to a variation in spectral composition of the 
radiation in dependence upon the attenuation. 
Tliis renders image reproduction more difficult 70 

In order to compensate for attenuation 
differences between the central and peripheral 
regions caused as a result of the ^pe of a 
body to be examined, the body can be posi- 
tioned in an externally rectangular block made 75 
of a mateiial with radiation sdsmptkm 
properties similar to those of die body being 
examined. The posiltionbg of the body in 
such a block, particularly in the case of a 
human body, may be inconvenient and time- 80 
consuming. Further, the provision of such a 
block means increased technical outlay. 

It is accordingly desirable to provide an 
x-ray apparatus widi whidi it is po^ble, when 
investigating the density distribution in a 85 
chosen body plane, to compensate for the vary- 
ing spectral composition that polychromatic 
radiation has after passing through an in- 
homogeneous body of varying dnckness on 
account of the fact that different ray paths 90 
for which intensity measurements are made 
are of different lengths. 

According to the present invention, there ia 
provided x-ray aK>aratus comprising an x-^y 
source and an x-ray intensity measuring device 95 
whtch are arranged so as to permit the beam 



1,546,926 



intensity downstream of a body irradiated by 
the source to be measured for each of a 
multiplicity of ray paths that extend through 
the body in che same body plane, die apparatus 
including signal processing means adapt^ to 
process electrical output ^ools from tiie 
intensity measuring device so as to provide 
measures of the values that a radiation- 
influencing parameter of the body respectively 
has at differemt regions in .the said body plane, 
and ultrasonic means for measuring the ex- 
ten^ through the body, of each ray path so 
as to provide electrical correcti<Hi signals for 
the signal processing means. 

The x-ray source and the x-iay intensity 
measuring device may be parts of a unit which 
is rotatable about an axis of rotatioo perpen- 
dicular to the body plane in which the body 
under investigation is irradiatetj, and Acre 
may be drive means for rotating this unit, 
relative to the body under investigation, 
through successive angular steps about the 
axis of rotation. 

The ultrasonic means may comprise an 
ultrasonic eraitter/receaver head (i.e. a head 
incorporating an ultrasonic transducer arrange- 
ment for emitting and receiving ultrasonic 
radiation)^ coupled with the totattble unit in 
such fashion tiiat the distance, as measuied 
parage] to a predetermined axis cf the uni^ 
between the ematter/xeoeiver head and the 
axis of rotation of the tmiit remains constant. 
Thus, the emitter/xeceiver head can be fixed 
to the imit so as to direct radiation onto the 
body para'M to the predetermined axis (for 
example^ the central axis of the x-ray beam). 
Then, when the emitter/receiver head is 
rotated or displaced, relative to the body, 
with the unit to which it is fixed, die distance, 
as measured parallel to the predetermined 
axis, between the emitter/receiver head and 
the particular body surface on which the 
ultrasonic radiation is incident at any time 
varies in aocoxdance with tiie local body 
thickness. 

Alternatively, the ultrasonic means may 
comprise a displaceably mounted ultrasonic 
emitter/receiver head arranged to direct 
ultrasonic radiation onto the body under 
-^-.^^jSO— .anvestigation, a drive device for displacing 
the enutcer/ieceiver head, and automatic 
control means operable to control the drive 
device in such fashion that die distance;, as 
measured parallel to a predetermined axis of 
the apparatus, between tiie emitter/receiver 
head and the particuhtf body surhice on 
which the ultrasonic radiation is incident at 
aiy tine is maintained constant The lequiied 
correction signals for the signal processing 
means can then be derived from tiie automatic 
control means. As in the previous case, the x- 
ray source and the intensity measuring device 
may be parts of a unit which is rotatable rela- 
tive to the body about an axis of rotation 
perpendicular to die body plane bei^g inadi- 
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ated. However, witii tiie emitter/icccivcr head 
for example arranged to (firect- ultrasonic 
radiation onto tiie body parallel to tiie pre- 
determined axis (for example, tiie central axis 
of the x-iay beam), tiie distance as measured 70 
paiaHel to this axis, between die emitter/ 
receiver head and tiie axis of rotation of the 
nnit wjill vary in accordance witii tiie body's 
■aiape as the -unit is rotated or di^taced rela- 
tive to tiie body. ^ 75 

It will be appreciated that x-ray apparatus 
embodying the present invention may include 
a display device which, under tiie control of 
signals from the signal processing means, 
produces a visual image in analogue or 80 
numerical form of the irradiated body plane. 

For a better understanding of the inven- 
tion and to show how it may be carried into 
effect, reference will now be made, by way 
of example, to tiie aocompanyii^ drawing, 85 
which diagrammatically illustrates one form 
of x-ray apparatus embodying the present 
invention. 

The illustrated x-ray apparatus comprises 
an x-ray source in the form of an x-ray tube 90 
1 which is coimected by means of a bar struc- 
ture 2 to an x-ray detector 3 suitable for 
intensity measurement. The x-ray tube 1 
produces a narrow radiation beam 4 which 
is directed tiirough a body 5 under investi- 95 
gation towards the detector 3. The x-ray tube 
1, the bar structure 2 and the detector 3 are 
displaceable as a unit, transversely to tiic 
central axis of the radiation beam 4, dong 
a pair of slide rails 6 parallel to the double 100 
headed arrow 7. For a particular orientation 
of tiie body 5 to the unit 1, 2, 3, therefore, tiie 
beam intensity downstream of the body can be 
measured with the detector 3 for each of a set 
of mutually parallel ray paths all lying in tiie 105 
same body phne. The combination of the x- 
ray tube 1, the bar structure 2, the detector 
3 and the slide rails 6 is rotatable as a unit 
about an axis of rotation 8 which passes 
approximately centrally tiirough the body 5 110 
in a direction perpendicular to the body plane 
through which the radiation beam 4 is swept 
by di^lacoment of tiic unit 1, 2, 3 along tiic 
rails 6. 

After obtaining mtensi^ measurements for 115 
one set of mutualy parallel ray patiis tiuough 
tiie body 5, the unit 1, 2, 3, 6 is rotated about 
the axis 8 through a small angle, for example 
a few diegrees, relative to the body 5, and the 
imii 1, 2, 3 is then displaced along the rails 120 
6 so that the beam 4 sweeps tiuough the 
whole of the body 5 and a set of intensity 
measurements can thus be obtained for a 
second set of mutually parallel ray paths 
tiirough the body. After this, a further rotation 125 
operation is performed, followed by a furtiier 
displacement operation, and so on, until the 
unit 1, 2, 3, 6 has been rotated through a total of 
360** relative to the body 5. The angular steps 
tiirough which tiie unit 1, 2, 3> 6 is successively 130 
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rotated are all of ihe same size. The detector 
3 provides electrical tmtpA: rigoals in^cative 
of die intenaties, downstzeam of tiie body S, 
for the ray paths along which the body h 
5 irradiated, and these signals are supplied to 
signal processing means 9. The signal pro- 
cessing means 9 use these signals to provide 
measures of the values that a raiation- 
influencing parameter of the body 5 respec- 

10 tively has at different regions in the irradi- 
ated body plane, for example the local ^otp> 
tion coefficients or the local densiity values m 
the plane. These measures are applied in the 
foim of electrical signals to a television 

15 mom'tor 10 which provides an image of the 
irradiated body plane. The signal processing 
means 9 may contain a computer which pro- 
duces the image-forming signals for the tele- 
vision monitor 10 in accordance with the 

20- method of calculation described in "Journal of 
Applied Physics", Vpl 34, No. 9, pages 2722 
onwards, and Vol. 35, No. 10, pages 2908 
onwards, by A. M. Qmnack. Underlying the 
mediod of calculataon described in that pid>H- 

25 cation is the assumption that the x-ra{uati(m 
employed Is monochromatic In ppcdc^ h is 
difficult to achieve monochromatic radiation, 
and so the aim is to be able to work with the 
polychromatic spectrum derived from a normal 

30 commercial x-ray tube, if possible. The use 
of such a bremsstrahlung spectrum, however, 
leads to alteration of si^ctral composition in 
dependence on radiation attenuation. In the 
case of strong attenuation, the spectrum iis 

35 hardened in relation to its original com- 
position. Harder radiation has a greater pene- 
tration capacity than soft radiation, so that 
without the correction procedure described 
hereinafter, the method of calculation will 

40 lead to inaccurate results because of the 
different lengths of the different ray paths 
along which the body 5 is irradiated, which 
means titat the image produced on the tele- 
vision monitor 10 will be inaccurate. For 

45 example, features may be blurred, or total 
adulterations or misleading re{^esentation$ 
due to rniage faults may occur. 

To compensate for the differii^ lengths of 

^ the different ray paths along wbidh the body 

50 ^ 5 is irradiated by the beam 4, correction 
signals are applied to the signal processing 
means 9 from ultrasonic means adapted to 
measure the extent, through the body 5, of 
each ray path invoWed. Hie ultrasonic means 

55 comprise an ultrasonic emitter/receiver head 
11 containing an ultrascmic transmitter and 
an ultrasonic receiver. The ultrasonic trans- 
mitter <Hrects a beam 13 of ultrasonic radia- 
tion onto the body 5, and this beam is re- 

60 fleeted at the body surface and picked up by 
the ultrasonic receiver. The ultrasonic means 
also comprise a measuring arrangement 14 
which %rves to determine the distance be- 
tween the emiuer/reoeiver head 11 and the 
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body surface from the time wUch elapses 65 
between emission of an ultrasonic signal and 
detection of the signal following its reflection at 
the body surface. For each ray path along 
which the body 5 is irradiated, the measuring 
arrangemenit 14 produces a signal indicative 
of this distance. The signals obtained are 
supplied to a correction device 15 which so 
controls die signal processing means 9 that 
image errors due to the differing path iengtiis 
of <iifferent ray paths are avoided. If the dis- 
tance between the x-ray tube 1 and the body 
sur^e <is ascertained for each orientation of 
the unit 1, 2, 3, 6, the path lengths of the 
various ray paths along which die body is 
irradiated can also be ascertained. 

Instead of rotating the unit 1, 2, 3, 6 
tiirou^ a total angle of 360*, the unit may 
be rotated tiirough only ISO"". In this case, 
however, it is expedient to provide two ultra- 
sonic emitter/receiver heads respectively 
arranged to scan opposite sides of the body. 
One head then measures the distance between 
the x-ray tube 1 and the body surface facing 
the tube, and the other head measures the 
distance between the detector 3 and the body 
surface fadqg the detector. A sin^e ultra- 
sonic emitter/receiver is adequate, however, 
if the body 5 can be presumed to have right- 
left symmetry. 

The ultrasonic distance measurcmoit is 
mechanically simplest if, as illustrated in the 
drawing, the ultrasonic emitter/receiver head 
is arranged at a fixed distance (as measured 
parallel to the central axis of the beam 4) 
from the axis of rotation 8 of the imit 1, 2, 
3, 6. Acoustically more favourable, however, 
is an arrangement in which the contour of 
the body 5 is scanned by means of a displace- 
ably mounteid ultrasomc emitter/receiver head 
which is automatically controlled so as to 
remain at a constant distance (as measured 
parallel to a predetermined axis, for example 
the central axis of the x-ray beam 4) from 
the body surface onto which ultrasonic radia- 
tion is directed by the head. This distance iiQ 
can then be so selected that the focus of the 
ultrasonic field is located at the body surface. 
Moreover, die ultrasonic echoes then have 
constant amplitudes. In this case, the extent 
to which the ultrasonic emitter/receiver head 115 
must be di^aced in order to maintain the 
afoovementioned distance constant as a measure 
of the path length of the ray path aloi^ which 
the body 5 is being irradiated by the x-ray 
beam 4 at any time. 

While the illustrated embodiment of the 
invention makes use of linear displacement of 
the unit 1, 2, 3 parallel to the double arrow 
7 for each selected orientation of the unit 
relative to the body 5, such Hnear displace- 
ment can be dispensed with if the detector 3 
is replaced by a receiver composed of a 
number of detectors on wluch a f^-shaped 
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beam of x-radiation impinges simultaneously, 
i.e. if a midri-channd measuring anange- 
ment is anployed. 

WHAT WE CLAIM IS:— 

1. X-ray apparauis comprising an x-iay 
source and an x-ray intmity measuring 
ocvice which arc arranged so as ttt peimit 
the beam intensity do«wiisicream of a body 
irradiated by the source to be measured for 
each of a multiplicity of ray paths that exteiKl 
thnmgh the body in the same body pW the 
apparatus including signal pnxxssing means 
«oapt^ to process electrical output dgnals 
from the intensity of measuring device so as to 
piowdc measures of tte values that a radia- 
tion-iiiflijendng parameter of the body tespec- 
tively has at different regions in the said body 
P™^ ™ uhrasonic means fw measuring the 
cncnit, through the body, of each ray path 
so as to provide electrical correction signals 
for the signal processing means. 

2. Apparatus as claimed in claim 1, wherein 
the x-ray source and the x-ray intensity 
measuring device are parts of a unit which 
is nrtataWe ^bomt an axis of mstdon per- 
pemficuiar to the said body plane. 

3. Apparatus as claimed in <^im 2, mdud- 
ing drive means for rotatii^ the said unit, 
relative to the body, tiirough successive 
angular steps sixnt the said axis of mtatioa 

4. Apparatus as claimed in c^aam 2 or 3, 
wherein the said uhrasooic means comprise 
an ultrasonic cmitter/reoeivCT head ooi^iled 
t& the said unit in such fashion that the dis- 



tance, as measured parallel to a predetermined 35 
axis of die unit between the emitter/receiver . 
head and the said axis of rotation remains 
di>nsfiant in use of the apparatus. 

5. Apparatus as claimed in datm l^ 2 or 

3, wherein the said ultrasonic means comprise 40 
a <tisplaceably mounted ultrasonic emitter/ 
receiver head arranged to direct ultrasonic 
radiation onto the body, a drive device for 
displacing the emitter/receiver head, and auto- 
matic control means operable to control the 45 
drive device in such fashion that die distance, 
as measured parallel to a piwietennined axis 
of the apparatus, between die emitter/ 
receiver head and the body surface on whidi 
the ultrasonic radiation is incident is main- 50 
tained constant, the said correction sipals 
being derived from the automatic control 
means. 

6. Apparatus as claimed in any preceding 
claim, including a display device opwable to 55 
produce a visual image of .the said toiy plane 
from signals provided by the said dpal pro- 
cessing means. 

7. X-ray apparatus substantially as heretn- 
before descrH)ed with reference to the accom- 60 
paxiying drawing. 
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